In the past decade, the number of imported leishmaniasis cases has increased in countries of Western Europe. The trend is associated with increasing travels, ecotourism activity, military operations and immigration. While in endemic countries leishmaniasis is usually well diagnosed, accurate patient history and parasite identification are necessary to distinguish between autochthonous and imported cases. This is particularly important, as new Leishmania species/genotypes may be introduced and transmitted by local phlebotomine vectors without appropriate surveillance, with unpredictable consequences. We report on the surveillance of imported leishmaniasis performed by the LeishmaniaIdentification Reference Centre of Rome from 1986 through 2012, involving health care centres from 16/20 Italian regions. Suspected imported cases were analyzed and conclusions were based on clinical, epidemiological and diagnostic findings. Over the years, different parasite identification methods were employed, including MultiLocus Enzyme Electrophoresis and molecular techniques combining disease diagnosis (SSU rDNA nested-PCR) and Leishmania typing (nuclear repetitive sequence and ITS-1 PCR-RFLPs). A total of 105 imported cases were recorded (annual range: 0-20) of which 36 were visceral (VL) (16 HIV-coinfections) and 69 cutaneous (CL) cases; 85 cases (52 CL) were from the Old World and 20 (17 CL) from the New World. Eight Leishmania species were identified, of which 7 were exotic to Italy. VL importation until 1995 was associated with the spread of Mediterranean Leishmania-HIV co-infections in early 1990s. Following the introduction of HAART treatment, such cases became occasional in Italians but relatively frequent among immigrants. In contrast, a steady increase of CL cases was observed from different areas of the Old and New Worlds, that in recent years included mainly immigrants 'visiting friends and relatives' and Italian tourists. This positive trend likely depends on better diagnosis and reporting; however, we suspect that many CL cases remained unrecognized. Given the relatively low incidence of leishmaniasis importation, the risk of introduction of exotic parasites appears limited, although the detection of anthroponotic species requires attention.
made from thousands isolates, it can also provide fair correlation between enzyme mobility markers and geographic distribution of several parasite populations [28] [29] [30] . However MLEE has two main limitations: first, it is laborious and requires parasite cultures, so that only specialized reference centres can afford it; second, in some circumstances MLEE does not seem enough sensitive to discriminate genetic populations from distant geographical locations and having identical biochemical profile, such as members of the widespread zymodeme MON-1 of L.infantum. Several DNA-based methods have been developed for both species diagnosis and Leishmania genotyping at subspecies level (e.g. PCR-RFLPs, Single-Locus Sequencing, MultiLocus Microsatellite Typing-MLMT, and MultiLocus Sequence Typing-MLST) which could have a potential value as geographical marker for imported parasites [25, [31] [32] [33] [34] [35] [36] [37] . However the development of a standardized MLST in Leishmania taxonomy is relatively recent, so that genotyping information is only available from a limited number of strains within each species and from a limited number of territories [37] [38] [39] [40] . As regards MLMT, while it proved to be a powerful approach for tracking parasite populations, its value in assigning a particular geographical origin to individual imported L.infantum was found limited for our purposes: in fact, a relatively large number of Italian autochthonous L.infantum isolates were found to share microsatellite variations with populations of this species in the whole Mediterranean area and in Latin America [25] .
Since a Leishmania Identification Centre was established at Istituto Superiore di Sanità (ISS) for epidemiological purposes [41] , the implementation of a surveillance system for imported leishmaniasis in Italy was a priority. This retrospective study reports on the results from 27 years of surveillance based on clinical and epidemiological sources complemented with parasite identification when possible.
Material and Methods

Ethics statement
Clinical samples from patients were collected in the frame of routine diagnosis and/or posttreatment follow up, not including additional or unnecessary invasive procedures and after obtaining patient's informed written consent delivered at the time of clinical examination. Patient records/information was anonymized and de-identified prior to analysis. Data were recorded according to the ISS ethic committee (www.iss.it) that specifically approved this study.
Patients and epidemiological information
Data on age, sex, nationality, usual residence, medical history, year of diagnosis, clinical features, and tests for leishmaniasis diagnosis were recorded. The putative country/region where Leishmania was acquired was inferred by specific queries to patients analyzed along with relevant epidemiological information:
i. Because of possible long incubation periods, especially for VL, history of travel(s) to/from endemic areas by both nationals and foreigners was documented for at least 2 years before the disease onset;
ii. For national and foreigners, the leishmaniasis endemic status of the visited or origin country, respectively, was derived from available scientific literature and World Health Organization guidelines [1] ;
iii. The usual residence of national or foreigners patients in the Italian territory was stratified by autochthonous zoonotic infection risk. Traditional human-case notification maps were replaced by the recently available canine leishmaniasis (CanL) seroprevalence prediction map. It identifies most of the Italian territory as belonging to low (estimated seroprevalence <5%), medium-low (5-10%), medium-high (10.01 to 20%), high (20.01-30%) or very high (>30%) endemicity classes [42] ;
iv. Type and distribution of L. infantum zymodemes autochthonous in Italy was established, based on parasite identification data collated at ISS in a 30-year period from over 700 leishmaniasis patients who have indisputably acquired the infection in our country;
v. Global distribution maps of Leishmania species, zymodemes and genotypes available from scientific literature and unpublished information from WHO Leishmania Identification Centres, were used.
Clinical samples for diagnosis or parasite isolates were obtained by hospitals (mainly pediatrics, internal medicine, infectious diseases and dermatology wards) and private dermatologists from throughout the country.
Samples
In all patients suspected for leishmaniasis, the diagnosis was confirmed by the analysis of different clinical samples depending on the disease form: serum, bone marrow (BM), peripheral blood (buffy-coat, BC) and skin (SK) biopsy. Our laboratory received fresh, frozen and/or fixed samples (slit smears, paraffin sections) sent by hospitals or practitioners. Different assays were used in combination to confirm leishmaniasis diagnosis, as recommended by World Health Organization guidelines [1] .
Diagnosis of disease
Serology. In all VL cases and in some CL patients in whom a dissemination of parasites was suspected, the presence of anti-Leishmania antibodies was investigated by serology following a long established in-house IFAT protocol using fresh antigen (L.infantum MHOM/TN/ 80/IPT1 promastigotes, WHO reference strain of L.infantum) and FITC-conjugated antihuman immunoglobulins polyvalent serum (Sigma) [43] .
Parasitology. A combination of classical and molecular parasitological methods were employed: microscopy, in vitro culture and polymerase chain reaction (PCR). Microscopic observation was carried out on slide smeared material, mainly BM aspirate for VL and SK punch biopsy or scraping from the edge of the lesion for CL. Fresh material was seeded in Evan's Modified Tobie's Medium (EMTM) and 'Sloppy Evans' [44, 45] and cultures were checked for promastigotes growth up to 30 days. Leishmania-positive cultures were cryopreserved pending biochemical and/or molecular characterization. BM, BC and SK fresh or frozen samples were submitted to DNA extraction using the Easy-DNA kit (Invitrogen, San Diego, CA). Specimens fixed on slides were scraped in Tris-EDTA buffer; paraffin sections were de-waxed by using xylene and ethanol at different concentrations before DNA extraction; parasite DNA was extracted by proteinase K [46] . For Leishmania sp. detection, genomic DNA was submitted to a nested (n-)PCR assay [47, 48] . Three negative controls (BM and SK DNA from healthy patients and no DNA) and one positive control (DNA from promastigotes of MHOM/TN/80/IPT1 strain) were used.
Leishmania identification
MultiLocus enzyme electrophoresis. [24, [28] [29] [30] 49, 50] , and unpublished information collected at our Centre.
PCR-RFLP.
In clinical samples and cultures, molecular identification of Leishmania at species level was achieved by PCR-RFLP analysis of different Leishmania target sequences, used alternatively or in combination: a) primers T2 and B4 amplified a nuclear repetitive DNA sequence [51] ; b) primers LITSR and L.5.8S amplified the internal transcribed spacer-1 (ITS-1) sequence separating the genes coding for SSU rRNA and 5.8S rRNA [31, 52] . Leishmania DNA from WHO reference strains reported above were used as controls. Ten μl of PCR products were digested overnight in a total volume of 20 μl, with 10U of HaeIII restriction enzyme, as recommended by the manufacturer (Promega). All PCR-RFLP products were subjected to electrophoresis by 4% MethaPhor gel (EuroClone) or by Qiaxcel capillary electrophoresis (Qiagen GmbH, Hilden, Germany).
Results Epidemiology
Leishmaniasis imported in Italy has been systematically documented at ISS since 1986. Thirtyfour National Health System or University hospitals and private dermatologists from 16/20 Italian Regions referred to us patients with a suspect of imported disease. One hundred five patients with laboratory-confirmed leishmaniasis cases were recorded as suspected of importation through 2012. Of the them, 36 were diagnosed as having VL and 69 CL. A total of 83 Leishmania strains were cultured and cryopreserved from 80 patients. The disease was recorded in all age groups (range: 2-74 years) and in both sexes, but it was more frequently diagnosed in adults (88 patients, 83.8%) and in males (81.9%) (S1 Table) . The annual trend of cases presented fluctuations with an evident increase after 2009; each year, the patients ranged from nil in 1989 to a maximum of 20 cases recorded in 2012 (Fig 1A) .
The analysis of the epidemiological records in combination with Leishmania identification indicated that the geographical origin of infection was the Old World in 85 cases (52 CL) , and the New World in 20 cases (17 CL) (Fig 1A and 1B) . Old World cases were distributed as follows: 35 cases were from Northern Mediterranean Africa (Algeria, Egypt, Libya, Tunisia and Morocco) and Sub-Saharan Africa (Angola, Burkina Faso, Chad, Congo, Eritrea, Ethiopia, Nigeria, Senegal and Sudan); 2 cases from the African continent without specified country ( Fig  2A) ; 27 cases were from western and eastern south Europe (Albania, Corsica, Croatia, southern continental France, Greece, Kosovo, Romania and Spain) ( Fig 2B) ; 21 cases were from Asia, of which 17 from the Middle East and Arabian Peninsula (Iraq, Israel, Lebanon, Jordan, Kuwait, Saudi Arabia, Syria and Yemen) and 1 case each from Afghanistan, Sri Lanka, Thailand and Philippines ( Fig 2C) . As regards cases from the New World, 7 were from North (Mexico) and Central America (Costa Rica and Guatemala), and 13 from South America (Bolivia, Brazil, Colombia, Ecuador, Peru and Venezuela).
As shown in Table 1 , the typology of patients changed over time. Italian tourists (47.6%) and immigrants (45.7%) were recorded at similar rates; the latter included both recent immigrants (19.0%) and naturalized immigrants visiting friends and relatives (VFR, 26.7%). VFR cases, however, were mainly recorded from 2009. Rare cases occurred in military staff during the second Gulf War in Kuwait and Iraq (n = 2), in missionaries in Chad, Ethiopia, Burkina Faso and Spain (n = 4), and in an adopted child from Brazil (S1 Table) .
As regards associated conditions, 21 patients (20%) were immunosuppressed (causes being HIV, lymphoma or organ transplantation). Among 16 HIV co-infected cases, 7 consisted of VL patients diagnosed among Italian tourists during 1993-2000, whereas 9 cases detected after 2000 (6 VL and 3 CL) were mainly immigrants. Finally, 12 out of 17 children were immigrants, 6 of whom recorded as VFR after 2010, from countries of the principal migratory fluxes to Italy (Albania, Tunisia and Syria) (S1 Table) .
Leishmania identification
Initially, Leishmania isolates were typed by MLEE alone; afterwards, MLEE and/or PCR-RFLP methods were used. When a Leishmania culture was not available, parasites were identified at species level by PCR-RFLP applied on clinical samples. Agent identification was achieved in 84/105 patients. Eight Leishmania species were detected: L.infantum in 33 patients affected by VL or CL, L.major in 22 (CL), L.tropica in 10 (CL), L.braziliensis in 8 (CL), L.panamensis in 5 (CL), L.mexicana in 2 (CL), L.aethiopica (CL) and L.donovani (VL) in one patient each. Furthermore, parasites belonging to L.donovani complex (VL) and L.guyanensis complex (CL) were identified in one patient each. Clinical samples were found inadequate for typing in the remaining 21 cases (8 VL, and 13 CL) ( Table 2) .
MLEE was performed on 52 isolates, of which 40 were identified as Old World and 12 as New World Leishmania species. Zymodeme profiles contributed to clarify the geographical origin of the infection in several cases (Table 3 and S1 Table) . Out of 17 strains typed as L.infantum, 8 zymodemes were detected. Nine strains belonged to ZMON-1, the commonest zymodeme causing zoonotic VL worldwide; patients originated from, or reported travels to Albania, Greece, Croatia, Spain, France, Angola and Brazil [28, 49, [53] [54] [55] . Five dermotropic zymodemes were detected in HIV-co-infected patients with VL: ZMON-11 (2 cases), ZMON-29, ZMON-190 and ZMON-228 (1 patient each), reported from Spain and/or France [28, 30, [56] [57] [58] , and ZMON-189 from Croatia. Finally, 2 uncommon zymodemes ZMON-34 and ZMON-105, known to be spread over the Mediterranean area [49, [58] [59] [60] , were isolated from patients who acquired the infection in Corsica. We identified four zymodemes of L.major [29] . Four zymodemes of L.tropica, including three new zymodemes (S2 Table) , were also identified as agents of CL: ZMON-102 (1 patient), a zymodeme recorded from Morocco [29] ; ZROM-96 (1 patient) and ZROM-107 (2 patients) having enzyme profile markers in common with zymodemes reported from Middle East (Jordan, Syria and Palestine) and Tunisia [29, 61, 62] ; and ZROM-93 (1 patient) similar to zymodemes recorded from Jordan, Israel, Palestine and Syria [62, 63] . A new zymodeme of L. aethiopica, ZROM-106, was identified in a CL patient from Ethiopia (S2 Table) .
Case definition and classification
The algorithm shown in Fig 3 was designed to combine epidemiological and parasite bio-molecular information and it was used to classify leishmaniasis cases as "imported" (group A; 84 cases) or "probably imported" (group B; 21 cases) because of various degrees of evidence. Subgroup A1, representing indisputable imported disease, consisted of 56 patients infected by exotic Leishmania species or by L.infantum zymodemes non-autochthonous in Italy (ZMON-11, ZMON-29, ZMON-105, ZMON-190 and ZMON-228) (S1 Table) . Sub-group A2 included 14 patients for whom parasite identification gave non-discriminating results, i.e. the agents were identified as L.infantum zymodemes autochthonous in Italy but also elsewhere (ZMON-1 and ZMON-189), or as L.infantum species without further genotype information as resulting by PCR-RFLP identification. However there was still strong indication for leishmaniasis importation inferred by travel history, i.e. the disease was already in place upon arrival to Italy, and/or the patient's residence in Italy was in a non-endemic territory with no declared travels to endemic Italian regions. Sub-group A3 consisted of 14 patients for whom parasite identification was unavailable but they showed good indication for importation based on history, i.e. the disease was already in place or developed shortly after the arrival in Italy, or the month of arrival was incompatible with the autochthonous transmission period. The B group consisted of patients for whom there was still strong indication for leishmaniasis importation inferred by patient's travel history, however parasite identification gave non-discriminating results (B1) or was unavailable (B2). Sub-group B1 included 14 patients infected by widespread L.infantum zymodemes (ZMON-1 and ZMON-34 ), or by "generic" L.donovani complex or L.infantum species as determined by PCR-RFLP. Sub-group B2 consisted of 7 patients with suggestive travel history but Leishmania typing was unavailable. Regarding this group, a VL case was an immigrate from Nigeria (Table 2) , a country where the disease is not reported as endemic [1] , however we cannot rule out the possibility of travels across endemic African countries before the arrival in Italy.
Discussion
Currently, leishmaniasis is considered a dynamic disease: different causes such as global warming (affecting the ecology and distribution of the phlebotomine vectors) and man-made risk factors (travels, migration, trade of animals and environmental modifications) are changing the temporal-spatial evolution of leishmaniasis in Europe [21, 23] . In relation to this, the introduction of exotic parasites can also be a matter of concern. We believe that in the current ecoepidemiological situation and thanks to the fair development of health care systems, Leishmania epidemics could hardly involve large numbers of individuals with high fatality rates, whatever Leishmania species is introduced. Rather, the main risk would be the insidious introduction (because unrecognized) of an agent that can adapt to local reservoirs and vectors. Therefore our surveillance is not limited to imported human parasites, but it extends to infections of domestic and wild reservoirs, and to monitoring geographical diffusion and seasonal dynamics of autochthonous phlebotomine vectors [7, 64] . The purpose of our study was to provide the magnitude and diversity of imported leishmaniasis over 27 years of surveillance. This was based, although not exclusively, on parasite identification. When this was impossible, other important information was considered in the analysis, that included clinical (e.g. incubation period, skin lesions appearance, etc) and epidemiological data (relative risk for visited/origin versus residence places). Our methods of Leishmania species identification changed over time, having become more sensitive and rapid using reproducible and internationally validated PCR-RFLPs on clinical samples [31, 51] . Identification results have been used to support the above algorithm, whereas we did not intend to investigate on the molecular phylogeny of a given Leishmania population starting from a single imported parasite. To overcome MLEE limitations in discriminating geographical genotypes within largely diffuse L.infantum zymodemes, MLST appears potentially the most powerful approach and will, most probably, replace MLEE in the future. However biases due to small sample sizes and the absence of inter-laboratory standardization should be avoided. To this end, accessible sequence databases should be created and sustained for integrating data obtained by different researchers [37] .
Our findings indicated a relatively low incidence of leishmaniasis importation into Italy during the 1986-2012 period (n = 105, for an average of 4 cases/year). These cases represented approximately 3.5% of all leishmaniasis cases notified in Italy (n = 3028), and 6.6% of those diagnosed at ISS (n = 1596), during the same period [64] . However our results may suffer from underestimation. First, the performance of VL notification system in Italy, although acceptable, varies from region to region, whereas CL is definitely underreported at national level because frequently it does not require hospitalization; furthermore, notification records of both diseases do not include specific information on possible disease importation. Second, several health centres specialized in tropical diseases are available at regional level, consequently leishmaniasis diagnosis is not centralized. Hence, our surveillance could be biased by preferential contacts of some peripheral units with our reference centre at ISS. Low reporting of imported leishmaniasis seems to occur in other endemic countries of southern Europe; in Greece, only 2.8% of CL cases from 1998 to 2011 were classified with a 'possibility of being imported' [65] ; similarly, very few patients were routinely recorded as such in Spain [22] . In contrast, high incidences of imported leishmaniasis are recorded in non-endemic northern and central Europe, with a range by country of 20 to 82.5 cases/year [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [66] [67] [68] . It may be due to different reasons: i) leishmaniasis diagnosis is often centralized at dedicated centres which, in addition, raise awareness and disseminate information among physicians and travelers; ii) some countries have consistent military contingents in endemic areas for training and active duty and, accordingly, an increase of leishmaniasis importation is clustered in periods coinciding with specific conflicts; iii) there is a relevant number of migrants and VFRs from old colonies steadily importing tropical diseases.
Nevertheless we have observed an increasing trend in Italy, that may be associated with an actual increase of Leishmania importation but also with better awareness among clinicians and improvement of diagnostic tools. More practical Leishmania typing techniques have replaced the laborious and centralized MLEE, often enabling the retrospective identification of agents from archived samples. Our case series included prevalently adult males (69.5%) and CL was the most frequent form (65.7%), being steadily imported throughout the study period from various Old and New World areas. An increase of tegumentary forms was diagnosed in novel typologies of Italian eco-tourists and adventure travelers who were infected in the Amazon region. Changes in the patient's characteristics are noteworthy as regards the associated HIV condition. During the 1990s, imported VL infections by Mediterranean L.infantum zymodemes were frequently diagnosed among Italian HIV-positive tourists [28] . Following the introduction of HAART treatment in Europe in late 1990s, such cases became occasional whereas co-infections was more often diagnosed in immigrants, as a probable result of limited access to antiretroviral therapies.
As regards Old World agents, the geo-localization of imported L.infantum, L.tropica, L. major and L.aethiopica as resulting from MLEE analysis was fully consistent with travel history in most patients. For other cases the attribution of 'imported' versus 'autochthonous' was more problematic. This occurred mainly with the immigrant population, for which travel history was often incomplete as regards travels performed before entry or during the stay in Italy. Our algorithm reflects such situation: recent immigrants and VFR represent a low percentage of evident "imported" cases (group A: 31/84, 36.9%), whereas they are the majority of those "probably imported" (group B: 17/21, 80.9%). It should be pointed out that we routinely detect cases in immigrants who have certainly acquired VL in Italy, either because found infected with a L. infantum zymodeme (MON-72) exclusively endemic in the Campania region of Italy [64] , or because they spent more than 2 years in highly endemic territories of the country.
In conclusion, despite our data are likely to be underestimated, they evidenced the introduction of a broad spectrum of parasites representative of 8 human species, of which 7 exotic to Italy. Given the low incidence of leishmaniasis importation, the risk of permanent introduction of exotic species/genotypes appears limited. However such risk should be diversified; zoonotic species such as L. major or neotropical Leishmania could unlikely be introduced in Italy because lacking of natural reservoir hosts; on the contrary, a risk associated with the importation of anthroponotic species (L. tropica and L. donovani) may require attention in the event of increased frequency [23, 27, 69] . This emphasizes the importance of monitoring imported leishmaniasis prospectively so that changes in patterns and emerging risk factors can be identified.
Supporting Information S1 Table. Supporting cumulative information of imported leishmaniasis cases. Abbreviations: VL, Visceral leishmaniasis; CL, Cutaneous leishmaniasis; A, adult cases: >17 years old; P, pediatric cases: 0-16 years old; M, male; F, female; ND, not done; NR, not reported; MON-, Montpellier nomenclature; ROM-, Rome nomenclature; A1, A2, A3, certainty degrees of "imported cases"; B1, B2, certainty degrees of "probable imported cases". (XLS) 
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